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Introduction

This tutorial wilintroduce you to the Full Interaction Maps and Mogul Geometry
Check features included with Mercury under the @%RerialgdCSDDiscovery
and CSEBystem toolsets.

The Full Interaction Maps tool will generate a picture of the interaction landscape
of your molecule from its threedimensional coordinates. Using statistical
distributions from the hundreds of thousands of structures included in the CSD,
we can predict the most likely locations for a variety of functional groups. By
comparing this distributioragainst a 3D packing diagram, we can determine
whether a crystal structure fulfills the desired interactions of a particular
conformation of a particular molecule. The Full Interaction Maps tool is
instrumental in highlighting the potential for polymorphisof a given compound,
assisting in the development of @oystals, and understanding solid form
stability.

Structural chemists can use the Mogul Geometry Check tool to validate the three
dimensional conformation of a particular molecule. The metric data from
structures in the CSD can be used to show the most likely values a particular bond,
angle, torsion or rig should adopt. The information obtained from a Mogul check
can help identify inconsisteras within a crystal structure and can suggest values
to be used for restraints during refinementn addition, Mogul can also be run

on 3D coordinates generated silicoas a validation of calculated structures.

The following exercises assume you have a working knowledge of the program
Mercury, namely how to display and manipulate structures from a 3D coordinates
file. There are many other features included witleidury that are beyond the
scope of this tutorial. For assistance with any aspect of Mercury, please ask your
workshop instructor, or view the help guides included with the application.
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Exampléel. Using Mogul to assess intraraollar
geometry

a23dA A& lofS G2 LINROGARS 'y laasSaayvySyd
comparing it to the data from the hundreds of thousands of structures already in

the CSD.By using the statistical distributions of similar fragments, Mogual ca

confirm your 3D geometry is appropriate, or flag values that are too far outside

the norm.

In this example, you will see how to use Mogul to assess the geometry of agiven ~ The CSD entry VUSDIX and a Mog.
molecule. Mogul can be run as a staralone application or from the Mercuyr geometry assessment histogram
Hermesinterfaces. For this tutorial, we will use Mercury to run Mogul. ', :

Torscr, srgie |
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1. Launch Mercury and type VUSDIX in the Structure Navigator toolbar.

2. To start a geometry analysis, click the €&§Btenmenu and then clickogul
Geometry Chedkom the dropdown menu.

3. This brings up th#Mogul Search Semgsdialogue box. You can typically use W

Mogul Geometry Check...
. Launch Mogul
Mogul Settings...

IsoStar Interaction Check...

the defaults in this window, but we can streamline our search by unticking ¢ P
the box for rings and ticking the boxes fdkpply Filters Exclude lsoStar Setings..
OrganometallicsandExclude Powder structures Eo Szl

4. ClickSearchto start. B 2 I e —

5. A dialogue box will pop up to warn you that you are going to check the entire D'Zf A complete analysis of al loaded molecule(s) will be performed.
molecule. CliclOoKto continue. [Excude | Salvents 5 To analyse just part of the displayed molecule(s), hit'Cancel'

[ Heaviest Element 1) and select atoms before starting the analysis.

Apply filters
Exdude | Organometalics -

6. The searchwill begin to run. You can follow its progress in thearch B e ——— Cancel
Progresglialogue box.
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When the search is complete, your results will be displayed inMbgul
Results Viewer.

The results are coletoded. Unusual values are flaggeddd.

Scroll through the results until you find the angle for @2EC22. Double
click this line to bring up the data frothe Mogul library.

The red line marks the value of the angle from your molecule (the query).

The histogram shows the data from the CSD, color coded by update. (Note
you can doublelick the color swatches to change what color is shown.)

To see whik structures contribute to a certain bar on the histogram, first
clickDeselect and then click the bar directly under the red query line. This
will highlight that particular bar of the histogram.

Now click theViewstructurestab, near the top of the windowto see a list of
refcodes included in this bin. The default view for this window is the 2D
diagram. Scroll throgh the refcodes on the right side of the window to view

different structures.

12

Click thelnformation button on the left to see further details about the
structure.

Click the3D Visuaker button to see a 3D rotatable view of the structure. The
fragment of the molecule used for comparison will be highlighted with the
value displayed in green.

Continue to investigate other unusual parameters. You can always return to
view the structure in Mercury to see which paneter you are querying.
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Example. Using Mogul to explain activity data

Mycophenolic acid (A) is an immunosuppressant that binds to inosine e , : _

monophosphate dehydrogenase (IMPDH) with apd€0.02uM. There are two L Lk L |

close analogues (B and C) which are less active, with C much less so. How can

Mogul help explain this decrease in activity? A B C
0.02 uM 0.14uM 1.00uM

In this example you will see how to use Mogul to correlate improved function )

with geometric preferenes. You will need the fileLlJR1_ligand.pdb  for this Mycophenolic acid (A) bound to a (/ -3 r \

example protein and analogues (B&C) / & ‘

\ Ve ‘.-A\(
A successful target molecule will be able to form two faable hydrogen bonds - o -~ :
in the protein binding site, as shown. The angle of the allylic torsion angle should °/ =
be in the range of 11Q15° for this interaction to be achieved. We know that
molecule A is a successful target but molecules B and C are not.déésatvlogul
have to say about these structures?

et /ﬁ‘; PDB: 1JR1

1. Launch ConQuest and click on theme/Clasgjuery type.

2. Ly GK 02E FT2NJ/2YLRdzyR bl YBddG& LIS avYeodz2LKSy2té¢ FyR GKSy Of A 0]

3. ClickSearchand thenStart Searctior the Search Setugialogue box. o

4. The search should return 8 results. MYCPHA and MYCPHAOQ1 are the neutral o ‘
species. KVQUC is a sodium salt. WAJYUC is a neutral derivative. The others | 1
are cocrystals.

5. Use the3D Visualisetab to view the MYCPHA and KIWQUC structures noting
the different conformations. Which one is the preferred orientation?




Launch Moguhjathe desktop ica, orviaMercury). We will first do a torsion
search on the ligand as it appears in the protein crystal structure.

Click] 2 I &# select the file 1JR1_ligand.pdb (provided for you along with
this example). When the file is imported, Mogul will prdrgpu to edit the
structure to assign bond types and add hydrogen atoms if necessary. Click
OKto accept these changes.

Click to select the four carbon atoms that define the C2€&8S5 torsion g L

angle. These will appear in tikurrent Selectiobox as ya click.

Mogul search - Torsion angle - C2 C3 C4C5

ClickSearchwhen all atoms are selected.

Value in query: 114.654%

10

. The resulting histogram shows that the query value (114.654°) falls in a highly s
populated region of the histogram. B

65

b2g tSGQa Ay@SadAalridsS GKS 20KSNJ Gg2 |yl f
ligand. We can do this by editing the ligand structure in the Mogul interface.

Number of hits
£

: In the Build queryab clickd R A Thi¥ will launch th&dit Structuredlalogue
02E® l'd GKS 0200G2Y 2 FTANKE& BondsZHerr dzy RSNJ & | T_l_ - B
C|ICk on the methyl atoms (C and 3H) to delete them from the structure. ’ * gl - N

. Once the atoms are deleted, at the ta the Edit Structuredialogue box
dzy RS NJ & 'HiRPogen &dnis ®dke sure the value is set to 1 and then
click the carbon atom from which you just deleted the CH3. This will add an
idealized hydrogen at this position. Cl€losewhen you are finiged.

Click an an atom or bond to remove it.

Structure has 0 bends of unknowfitype.

Add 13

Hydrogen Atoms | 1

. As in step 8 above, select the four carbon atoms of the-GEQ@roup, and
then clickSearcho start Mogul running.
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15.

16.

17.

18.

19.

20.

21.

You will see the resulting histogram has shifted slightly, indicated the change
in chemistryof the query fragment (demethyl vs. methyl). However, the
gueryvaluestays the same because we did nothing to alter the geometry of
our query fragment. Thishdt in the predicted geometry indicates a slight
loss of potency in this target molecule (B, above).

Finally, to investigate molecule C above, we need to make one more change.
This molecule lacks the double bond that is present in molecules A and B.

Orce again, return to thd&uild querytab and click® R A G X

This time in theedit Structurelialogue box clickset Bond Type tand choose
Singlefrom the dropdown menu beside it. Then click on the double bond to
change it to a single bond.

Now,asin§ SLJ mo | 02@S3> Ay Hy&r&endtoRsEng
make sure the value is setto 1. Click the two carbon atoms on either side of
what had been the double bond, to ensure they are fully saturated. Click
Closeto exit the dialogue box.

Once agai, click to select the same four carbon atoms and then 8adkrch
to start Mogul running.

Now you will see the multing histogram for this alkyl chain has shifted far
away from the query value for mycophenolic acithis means that this

asSod

Mogul search - Torsion angle - C2 C3C4C5
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eeeee

chemical change will not satisfy the necessary orientation for effective
binding and explains the loss of potency in molecule C.

21
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Conclusions

The skewed conformation for the crucial torsion in mycophenolic acid is the
preferred orientation, although the neutral form of the molecule itself adopts a
planar conformation for this torsion in the small molecule crystalicture. An
analysis of conformational preferences rationalized the observed activity data for
similar compounds.

Mogul can be an effective tool in explaining pharmacophore activity in relation
to changes in substituents and bonding patterns. 3twauld now be able to use
Mogul to make changes to your own structures to see what functional groups can
be altered in order to produce desired conformations or geometries.

Further Exercises

1 Use Mogul to investigate subtle changes to your own molecwlesthers
that you find in the CSD.

1 Using what you know of Full Interaction Maps, is there an explanation for the
planar torsion angle of MYCPHA?

MYCPHA
syn conformation

>
)&

1JR1 ligand
skewed conformation



Example3. Using Full Interaction Maps to assess
polymorph stability

The stability of a given crystal structure is a balance between the intramolecular
conformation and the intermolecular packing of the maliles in the crystalline
state. One method for understanding the relative stability of crystal structures is
to compare the observed intermolecular interactions with preferred geometries
for that type of interaction.

This example will look at two kmwn polymorphs of sulfathiazole to answer the
guestion: How do the interactions in each polymorph compare with what is
expected? You will learn how to produce a Full Interaction Map for a given
structure and how to interpret this map.

Sulfathiazole, 2D representation
and CSD entry SUTHAZ19

Aosagode: [P atoms

1. Launch Mercury by clicking its ic®. In the Structure Navigator toolbar, === = o

type SUTHAZ19 to bring up the structure for therm V polymorph of
sulfathiazole.

2. Click on theCSEMaterials menu or CSEDiscoverymenu and selectFull
Ly & SNI Ol Nete/ If thel CiSIMaterials menu bar is inactive, click on
Gl St LX | yR -adl! (ICGINRATG5SE /6{SSF 2 NB  LINR O
3. In the Full Interaction Mapslialogue box, you will see several options. Ores-

[ Fadng

the left you will find options to change the display contour levels. On th

right, you will see a list of functional groups to be used as probes. Fort ' =

left mouse b

ution

(1 Short Cortact
O asmmarcunn (] 4

Bart

varice

.‘\-
&
sy

< Esum of W ros)
Defaut defiton

10 10

ate the sruciy

Gl [ ] 0 T showabok o [
or =

s s

Jor—

e X xS0 §S0 yD 230 2450

v

o
Comtoct.
s 1nfa =

] Lot s
Foncer

SUTHAZSS P2Ifc
suTHAZ) P21 v

CSD-Materials
cfc  CSD-Materials Wizard...

Search

Calculations

Full Interaction Maps... 2

Hydrate Analyser...

Conformer Generation...

@ LounchDAsH

Polymorph Assessment 5

Multi-Component Sereening ~ +

Solvate Analyser.

CSD-Discovery  CSD Pytt

Options

5 s g [ oot e
[ srom ot

Dlz-casang
xang Maps Hotspots Log Files
Map Contour Levels

Display first contour with initial level of

purposes of this tutorial, we will keep the defaoiptions. These typically
work well for most situations, but if you know you are looking for a specific
functional group, or if you want to change the look of the map, you will want
to change these settings.

4. Click theCalculate Map$utton to start.

Display second contour with inital level of

Display third contour with initial level of

Hotspots

[ Generate hotspots in the map
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